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Description 

FIELD OF THE INVENTION 

5 [0001] The invention relates to a process for the improvement of spermatozoa fertilization activity, in particular for 
the increase of spermatozoa motility by inhibiting the enzyme phosphatidylinositol-3 kinase (PI3K). The invention further 
relates to uses and methods of PI3K inhibitors in infertility and assisted reproduction techniques as well as to a medium 
for storage and/or transportation of spermatozoa comprising PI3K inhibitors. 

10 BACKGROUND OF THE INVENTION 

[0002] The infertility of a couple is defined as the inability of the woman to conceive after at least a year of regular 
unprotected sexual relations. Infertility may be caused by a multitude of factors, in which malefactors play a fundamental 
role in around 40-50% of cases. Reduced male fertility is generally linked to alterations in seminal parameters such 

15 as morphology, motility and sperm count. 

[0003] Various assisted fertilization techniques (ARTs) are proposed as treatment for infertility of the couple, in many 
cases making it possible to overcome the problem of both male and the female factors. These methods, the choice of 
which depends on the type of diagnosis made, may involve the collection of male and female gametes (spermatozoa 
and oozytes). The further treatment varies according to the cause of the infertility. The gametes may be transferred 

20 directly into the Fallopian tube (GIFT= gamete intra fallopian transfer) or are brought into contact with each other in a 
test tube. If the latter leads to fertilization of the oozyte, the resulting zygote or embryo is transferred into the uterus 
(IVFET = In Vitro Fertilization and Embryo Transfer). 

[0004] When infertility is due to male factor(s), parameters of the seminal liquid and in particularthe count and motility 
of spermatozoa determine the choice of the particular assisted fertilization method used. In the most serious cases of 
25 male-factor infertility the spermatozoa count and/or their motility is very low. The fertilization activity of semen is usually 
assessed in a spermogram. According to WHO standards, which can be taken from the "WHO manual" (WHO laboratory 
manual for the examination of human semen and sperm-cervical mucus interactions, 4 th edtition, Cambridge University 
Press 1999), semen are classified into the following groups: 

30 • Normozoospermia: When ail the spermatozoal parameters are normal together with normal seminal plasma ,WBCs 
(White blood cells) and no agglutination; 

• Oligozoospermia: When sperm concentration is < 20 million/ml; 

Teratozoospermia: Fewer than 50% spermatozoa with forward progression(categories (a) and (b)) or fewer than 
25% spermatozoa with category (a) movement; 
35 • Asthenozoospermia: Fewer than 50% spermatozoa with normal morphology; 

Oligoasthenoteratozoospermia: Signifies disturbance of ail the three variables (combination of only two prefixes 
may also be used); 

• Azoospermia: No spermatozoa in the ejaculate. 

40 [0005] Normal values of semen parameters have been issued by WHO that are generally used as reference. The 
fraction of motile sperm in semen is measured either by manual counting or using a computer assisted semen analysis 
(CASA) system. Motility is assessed at the time of semen liquefaction and after 1 and 3 hours to detect asthenozoosper- 
mia. Manual counting classifies sperm cells into 4 categories (immotile, locally motile, non linear and linear motile) 
using qualitative subjective criteria of selection. Many infertility centers now use CASA systems for objective meas- 

45 urements of sperm motion and positive correlations have been found between motion parameters such as the amplitude 
of lateral head displacement, curvilinear velocity, linearity and straight-line velocity and fertilization rates in vitro but 
the threshold levels for these motion characteristics have not yet been established to meet a general consensus. 
[0006] In case of severe male factor infertility, micro-assisted fertilization techniques can be used. Among these 
techniques, intracytoplasmatic sperm injection (ICS!) is the most common and has the highest percentage of success. 

50 However, the safety of the ICSI procedure for the health of the resulting conceptus or embryo is still matter of debate 
(Edwards, 1999; Luetjens et al., 1999). In addition, ICSI is far more expensive and more time consuming as compared 
tolVF. 

[0007] Thus, the possibility to recover a higher number of spermatozoa showing a higher motility could allow several 
oligoasthenospermic men to enter IVF rather than ICSI programs. 
55 [0008] Various methods have attempted at increasing the motility of the spermatozoa, like treatment of spermatozoa 
with pentoxyphylene, platelet activating factor or progesterone, for instance. However, the results obtained are variable 
and the responsiveness of the spermatozoa is not predictable. 

[0009] Therefore, the finding of new methods and agents to improve sperm cell motility, leading to an improvement 
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of the fertilization activity or fertilization rate, is highly desirable and urgently needed. 

[001 0] Phosphatidylinositol-3-kinases (PI3Ks) belong to a family of enzymes involved in signal transduction of tyro- 
sine kinase receptors. Phosphatidylinositol-3-kinases, also called phosphoinositide-3-kinases (PI3Ks) generate lipids 
which are implicated in receptor-stimulated signalling and in the regulation of membrane traffic. Several distinct classes 
of PI3Ks have been identified that have been conserved throughout eukaryotic evolution. Potential signalling pathways 
downstream of PI3Ks have been elucidated and PI3K function is being characterized in several model organisms, as 
reviewed e.g. by Vanhaesebroeck et al. (1997). PI3Ks are heterodimeric enzymes present in various isoforms and 
composed of a catalytic subunit of 110 kDa, which is associated with a regulating subunit of 85 kDa. 
[0011] In somatic cells phosphoinositide-3-kinases (PI3-kinases) are activated upon interaction with both receptor 
tyrosine kinases (RTK) and G-proteins resulting in the production of moieties involved in the inositol phospholipid 
signalling pathway. The enzyme is also present and active in human spermatozoa. 

[0012] Several selective inhibitors of PI3Ks have been described. Wortmannin is one of the most well-known specific 
inhibitors. Wortmannin and analogs thereof are described, for example, in EP 0 635 268 A1 , EP 0 648 492 A2 or EP 
0 658 343 A1 . These compounds are known to be involved in the treatment of neoplasms, atherosclerosis, and bone 
disorders. Other phosphatidylinositol-3-kinase inhibitors are 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one 
(LY294002), described in Vlahos et al. (1994 and 1995), related to the bioflavonoid quercetin (Vlahos et al., 1994), for 
example. 

[0013] None of these phosphatidylinositol-3-kinase inhibitors have been described to improve spermatozoa fertili- 
zation activity so far or are known to be involved in fertilization. 

SUMMARY OF THE INVENTION 

[0014] It has now been found in accordance with the invention that inhibitors of the enzyme phosphatidylinositol- 
3-kinase can significantly improve the parameters determining sperm cell fertilization activity, in particular the sperm 
cell motility. 

[0015] The invention therefore relates to a process for enhancing spermatozoa fertilization activity, in particular for 
increasing the motility of the spermatozoa, comprising treating the spermatozoa with a phosphatidylinositol-3 kinase 
(PI3K) inhibitor. The invention further relates to spermatozoa in which the activity of the phosphatidylinositol-3 kinase 
is inhibited, as well as to the use of a PI3K inhibitor for improving the fertilization rate in assisted reproduction techniques 
(ART). A third aspect of the invention concerns the use of a phosphatidylinositol-3 kinase (PI3K) inhibitor for the man- 
ufacture of a medicament for the treatment of infertility, in particular male infertility. A fourth aspect of the present 
invention relates to methods of ART therapy comprising treating spermatozoa with an phosphatidylinositol-3-kinase 
inhibitor. A fifth aspect of the invention relates to a medium for storage and/or transportation of spermatozoa comprising 
a phosphatidylinositol-3-kinase inhibitor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] * 

Fig. 1 shows the effect of 10uM of the PI3K inhibitor LY294002 on the motility of spermatozoa. Fig. 1 A: Rapid 
progressive component in three individual patients. Each symbol represents one individual patient. Fig. 1 B: 
Rapid progressive motility (a) and rapid + slow progressive motility (a+b) of the spermatozoa; mean values 
± SEM. P indicates the p-value. LY indicates LY294002. 

Fig. 2 shows the effect of lOO^M LY294002 on the progressive motility of the spermatozoa obtained by the swim- 
up method. 

Fig. 3 shows the effect of 10uM and IOOuM LY294002 on the progressive motility of spermatozoa obtained by the 
swim-up method; mean values ± SEM. C indicates control, LY indicates LY294002. The insert shows the 
effects of 100uJv1 LY294002 on the vitality of spermatozoa obtained by the swim-up method. 

Fig. 4 shows the effect of 10|iM LY294002 on the progressive motility of spermatozoa obtained by the swim-up 
method. Fig. 4 A shows the effect on the rapid progressive component (motility a) in individual patients. Each 
symbol indicates an individual patient. Fig. 4 B shows a histogram depicting the effect on the fast progressive 
motility (a) and the fast plus slow progressive motility (a+b) of spermatozoa (mean values! SEM). 

Fig. 5 shows a dose-response curve of increasing concentrations of LY294002 (uM) (x-axis) on the rapid forward 
motility of the spermatozoa (y-axis) obtained by the swim-up method. 

Fig. 6 shows a histogram depicting the sperm parameters VCL (percentage curvilinear velocity), VAP (average path 
velocity), VSL (straight-line velocity) and HA (hyperactivated sperm fraction), as determined by computer 
aided sperm analysis (CASA) in sperm samples from 12 different oligoasthenospermic subjects. 

Fig. 7 shows a histogram depicting the effect of different amounts of Lithiumchloride (LiCl) with and without 1 0 \iM 



EP 1 380 304 A2 

of LY294002 on the percentage forward motility of sperm cells. 

DESCRIPTION OF THE INVENTION 

5 [001 7] It is an object of the present invention to provide a process for improving the spermatozoa fertilization activity, 
in particular for increasing the motility of spermatozoa. The process according to the invention comprises treating the 
spermatozoa with a phosphatidylinositol-3 kinase (PI3K) inhibitor. 

[001 8] The invention is based on the finding that phosphatidylinositol-3-kinase inhibitors have a pronounced positive 
effect on parameters determining sperm cell fertilization activity, i.e. the parameters relevant to the capacity of sperm 
10 cells to fertilize an oozyte. The most important factors involved in the ability to fertilize are the number of active sperms 
and the motility of the spermatozoa. According to the WHO manual, motility of 50% is considered the lower limit of 
normality. 

[0019] It has now been found in accordance with the invention that the number of motile sperms obtainable from 
semen samples as well as the motility of the individual spermatozoa can be significantly increased by PI3K inhibitors, 

15 thus indicating the role of PI3K inhibitors as enhancers of fertility. This effect is detectable in normospermic individuals. 
However, it is even more marked in spermatozoa displaying pathogenic features, like oligoasthenospermic patients, 
i.e. those patients having a reduced total number of spermatozoa and a reduced spermatozoa motility. The invention 
renders it possible to increase the percentage of spermatozoa with progressive motility, thus significantly improving 
the probability of successful fertilization. Thus, the process according to the invention helps patients avoid using ICSI 

20 in favor of less invasive ART, like conventional IVF. 

[0020] The terms "spermatozoa" or "sperm (cells)" are used synonymously herein and relate to male gametes. "Se- 
men" or "seminal fluid/liquid" contain sperm cells as well as seminal plasma. 

[0021] The term "increase of spermatozoa fertilization activity" means any enhancement, improvement, or change 
to the better of the parameters determining the quality or activity of the sperm cell, such as e.g. percentage curvilinear 

25 velocity (VCL), average path velocity (VAP), straight-line velocity (VSL) and hyperactivated sperm fraction (HA). The 
quality of the spermatozoa determines the fertilization rate in assisted reproduction techniques. 
[0022] The term "increase" of spermatozoa motility as used herein is meant to encompass any improvement, en- 
hancement, amelioration or change to the better of the quality or fertilization activity or motility or velocity of the cells. 
[0023] The term "Phosphatidylinositol-3-kinase" or "PI3K" as used herein encompasses any member of the PI3K 

30 family, i.e. those related enzymes having the activity outlined in the indroduction. 

[0024] An "inhibitor of phosphatidylinositol-3-kinase" is also referred to as PI3K and inhibits the production of D-3 
phosphoinositides in the cell. The term D-3 phosphoinositides is intended to encompass derivatives of phosphtidyli- 
nositol that are phosphorylated in the D-3 position of the inositol ring and comprises, for example, phosphatidylinositol 
(3)monophosphate (PI(3)P), phosphatidylinositol(3,4)bisphosphate (PI(3,4)P 2 ) or phosphatidylinositol(3,4,5)trisphos- 

35 phate (PI(3,4,5)P 3 ). 

[0025] In a preferred embodiment, treating the spermatozoa with a phosphatidylinositol-3 kinase (PI3K) inhibitor is 
performed on the seminal liquid comprising the spermatozoa. Performing the method according to the invention directly 
on the seminal liquid without any further treatment has the advantage that it is simple and fast. Since the PI3K inhibitor 
of the invention enhances sperm cell motility, removal of the seminal plasma is not necessary. 
40 ' [0026] In a further preferred embodiment, the process further comprises separating the spermatozoa by spermatozoa 
separation methods used in assisted reproduction techniques (ART). 

[0027] Since seminal plasma contains factors that inhibit capacitation and fertilization as well as a considerable 
amount of non-motile spermatozoa even in a fertile individual, it is advantageous to separate motile sperm cells from 
fluid, non-motile and morphologically defective spermatozoa. This step is essential in traditional ART like IVF, GIFT or 
45 |UI. It leads to an enhancement of the fertilization success rate also in the process according to the invention. It is 
evident from the examples that the increase in spermatozoa motility by a phosphatidylinositol-3-kinase inhibitor is even 
more pronounced in spermatozoa which have been separated from the seminal plasma. 

[0028] !n a further preferred embodiment of the invention, separating the spermatozoa is performed by a method 
selected from the wash and spin method, the sedimentation method, the direct swim-up method, the pellet and swim- 

50 up method, and the buoyant density gradient method. 

[0029] These methods are well known in the art. They are traditionally used in assisted reproduction techniques and 
described in detail in "A textbook of In vitro Fertilization and Assisted Reproduction, The Bourn Hall guide to clinical 
and laboratory practice, editor: Peter R. Brinsden, The Parthenon Publishing Group" (1999) on pages 204 to 208. This 
textbook is referred to hereinafter as the "Bourn Hall guide". 

55 [0030] Preferably, separating the spermatozoa is performed by the direct swim-up method. 

[0031] This method implies self-selection of motile sperms, essentially comprising layering an aliquot of medium on 
top of a semen sample and allowing it to stand a room temperature for a certain period of time. The motile sperm cells 
will migrate into the top layer (medium), from which they can be recovered. The method may also include centrifugation 
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step(s). 

[0032] The advantage of B swim-up" selected spermatozoa is that the motile cells present in the sample are isolated 
and concentrated and that the proportion of morphologically normal sperm is increased. It is shown in the examples 
that the process according to the invention leads to an increase the amount of spermatozoa recovered from seminal 
5 fluid by the swim-up method. This is due to the increased motility of the sperms, which therefore migrate more quickly 
and in higher amounts into the upper phase of the sample. 

[0033] The method may be varied and combined with further isolation/separation techniques, depending on the 
amount of motile cells in the sample. For example, the swim-up procedure may be performed through the layering of 
1 ml of medium containing albumin on a 1 ml of underlying seminal liquid in a test tube. After one hour of incubation 

10 at 37°C in the air or in 5% C0 2 the upper phase of the medium to which the spermatozoa with better motility charac- 
teristics have migrated is collected. This technique may also comprise or be combined with a centrifugation step, for 
example centrifugation on Percoll gradients. The separated, isolated or enriched spermatozoa are then used in assist- 
ed-reproduction techniques or may be deep-frozen before being further processed, for example. 
[0034] Advantageously, the incubation of spermatozoa with the PI3K inhibitor is carried out on the seminal fluid, and 

15 then swim-up selection is performed. Thereafter, the spermatozoa may be washed one or several times to eliminate 
the PI3K inhibitor, before being further processed for fertilization. 

[0035] Preferably, the process according to the invention is performed on mammal spermatozoa, in particular on 
human spermatozoa. 

[0036] In a highly preferred embodiment, the PI3K inhibitor is selected from the group consisting of 2 -(4-morpholinyl)- 
20 8-phenyl-4H-1-benzopyran^-one (LY294002), wortmannin, quercetin, and derivatives and analogues thereof. 

[0037] LY294002 is the chemical compound 2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one, as described by 
Vlahos et al. (1994). Derivatives or analogues thereof may also be used according to the invention. 
[0038] Wortmannin is a fungal metabolite derived from T. wortmannii (Kyowa Hakko Kohyo Co. Ltd.) or from P. fu- 
miculosum (Sigma). Wortmannin and its derivatives are described in the European Patent Applications EP 0 635 268 
25 A1 , EP 0 648 492 A2 or EP 0 658 343 A1 , for example. 

[0039] A further phosphatidylinositol-3-kinase inhibitor which can be used according to the invention is the biofla- 
venoid quercetin, or derivatives or analogues thereof. Vlahos et al. (1994) discloses examples of quercetin and its 
derivatives or analogues. 

[0040] A process wherein the PI3K inhibitor is LY 294002 is highly preferred according to the invention. This agent 
30 has been shown to be particularly efficacious for the enhancement of sperm fertilization activity. 

[0041] Preferably, the spermatozoa are treated with an amount of PI3K inhibitor in the range of about 0.01 to 1000 
uM, more preferably of about 5 to 500 uJvl and most preferably of about 10 to 100 uM. Treating the spermatozoa with 
the PI3K inhibitor advantageously comprises incubating the spermatozoa for a period of time in the range of about 30 
minutes to 1 0 hours, preferably about 1 to 8 hours, most preferably about 2 to 6 hours at a temperature of about 37°C. 
35 [0042] It is a further object of the invention to provide spermatozoa having an improved ability of fertilization. Therefore 
the invention further relates to spermatozoa in which the activity of the phosphatidylinositol-3 kinase is inhibited. The 
invention also relates to spermatozoa obtainable by the process described above. The spermatozoa in which the 
phosphatidylinositol-3-kinase is inhibited or which were obtained in a process according to the invention exhibit an 
improved fertilization activity, a higher motility as compared to untreated sperm cells and thus exhibit a better perform- 
40 ance with regard to fertilization. 

[0043] As mentioned above, sperm cell fertilization activity determines the fertilization rate in ART. The invention 
therefore further relates to the use of a PI3K inhibitor for improving the fertilization rate in assisted reproduction tech- 
niques (ART). 

[0044] Any assisted reproduction method known in the art may be used according to the invention. In preferred 
45 embodiments, the assisted reproduction techniques are selected from in vitro fertilization (IVF), gamete intrafallopian 
transfer (GIFT), and intrauterine insemination (IUI). 

[0045] The invention further relates to the use of a phosphatidylinositol-3 kinase (PI3K) inhibitor for the manufacture 
of a medicament for the treatment of infertility, in particular male infertility. While the invention is described in more 
detail for in vitro fertilization techniques, it will be appreciated by the person skilled in the art that the compound may 

50 be as efficient in terms of activity when administered in vivo. 

[0046] In this case, the medicament is preferably presented in the form of a pharmaceutical composition comprising 
the phosphatidylinositol-3-kinase inhibitor together with one or more pharmaceutical^ acceptable carriers and/or ex- 
cipients. Such pharmaceutical compositions form yet a further aspect of the present invention. 
[0047] An "effective amount" refers to an amount of the active ingredients that is sufficient to affect the fertilization 

55 activity, in particular the mobility of spermatozoa. The effective amount will depend on the route of administration and 
the condition of the patient. ' 

[0048] "Pharmaceutically acceptable" is meant to encompass any carrier, which does not interfere with the effective- 
ness of the biological activity of the active ingredient and that is not toxic to the host to which is administered. For 
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example, for parenteral administration, the above active ingredients may be formulated in unit dosage form for injection 
in vehicles such as saline, dextrose solution, serum albumin and Ringer's solution. Besides the pharmaceutically ac- 
ceptable carrier, the compositions of the invention can also comprise minor amounts of common additives, such as 
stabilisers, excipients, buffers and preservatives. 
5 [0049] The administration of such active ingredient may be by intravenous, intramuscular or subcutaneous route. 
Other routes of administration, which may establish the desired blood levels of the respective ingredients, are comprised 
by the present invention. 

[0050] The invention further relates to the use of a phosphatidylinositol-3 kinase (PI3K) inhibitor for the manufacture 
of a medicament for the improvement of spermatozoa fertilization activity, in particular for the increase of spermatozoa 
10 motility. 

[0051] In preferred embodiments, the PI3K inhibitor is selected from the group consisting of 2 -(4-morpholinyl)-8-phe- 
nyl-4H-1-benzopyran-4-one (LY294002), wortmannin, quercetin, and derivatives and analogues thereof. The use of 
LY294002 as phosphatidylinositol-3-kinase inhibitor is highly preferred. 

[0052] It is a further object of the present invention to provide for an improvement of ART therapy. The improvement 

15 consists in including into known techniques for assisted fertilization a step comprising treating spermatozoa with a 
phosphatidylinositol-3 kinase (PI3K) inhibitor. The further steps used in assisted reproduction techniques are well 
known to the person skilled in the art and can be taken form the WHO manual (supra) or the Bourn Hall guide (supra). 
[0053] * In a preferred embodiment of the invention, the ART are selected from in vitro fertilization (IVF), gamete 
intrafallopian transfer (GIFT), or intrauterine insemination (IUl). 

20 [0054] It is a further object of the present invention to provide a medium for storage and/or transportation of sper- 
matozoa having improved qualities. The invention therefore also relates to a medium comprising a phosphatidylinositol- 
3 kinase (PI3K) inhibitor. Apart from the PI3K inhibitor, the medium may contain any further component known to be 
useful for storage and/or transportation, depending on the kind of storage and/or transportation required. For example, 
the spermatozoa may be stored at room temperature or by cryopreservation. The latter is common for the storage of 

25 the cells for a longer period of time. Specific examples of further components of the medium can be taken e.g. from 
WO 97/16965. Further specific media suitable for cryopreservation of semen are included in Appendix II, pp. 541 and 
542 of the Bourn Hall guide (supra), for instance. They could be supplemented with a PI3K inhibitor according to the 
invention to improve the fertilization activity, in particular the motility of the sperms. before fertilization takes place. 
[0055] In a preferred embodiment, the medium comprises mammal spermatozoa, in particular human spermatozoa. 

30 Preferable, PI3K inhibitor present in the medium according to the invention is selected from the group consisting of 
2-(4-morpholinyl)-8-phenyl-4H-1-benzopyran-4-one (LY294002), wortmannin, quercetin, and derivatives and ana- 
logues thereof. In a highly preferred embodiment, PI3K inhibitor is LY294002. 

[0056] In yet a further preferred embodiment, the medium according to the invention comprises amounts of the PI3K 
inhibitor in the range of about 0.01 to 1000 uM, preferably of about 5 to 500 uJvl, and most preferably of about 10 to 
35 100 uM. 

[0057] Having now described the invention, it will be more readily understood through reference to the following 
examples that are provided by way of illustration and are not intended to be limiting the present invention. 

EXAMPLES 

40 

[0058] In the experiments the following examples are based on, standard methods of in vitro fertilization have been 
used. With regard to the details of these methods, reference is made to the "WHO manual" (WHO laboratory manual 
for the examination of human semen and sperm-cervical mucus interactions, 4 th edtition, Cambridge University Press 
1999). In particular, the direct swim-up method can be taken from pp. 104 to 106 of this manual. 

45 

Example 1 : Effect of LY294002 on the rapid motility of spermatozoa 

[0059] Spermatozoa were prepared according to the standard procedures of IVF. Briefly, spermatozoa were prepared 
from 3 oligoasthenospermic subjects undergoing semen analysis for couple infertility after informed consent. 10 uM 

50 of the PI3K inhibitor LY294002 were added directly to the seminal liquid and incubated for 2 hours for two hours at 
37°C and 5% C0 2 . The motility of the spermatozoa was then blindly evaluated under the microscope according to 
WHO manual procedures. The results of this evaluation are shown in Fig. 1 . Incubation with the compound causes an 
increase of rapid motility of the spermatozoa in the seminal liquid (Fig. 1A). Fig. 1 B shows that the increase was 
observed not only in the rapid mobility (a), but also in the percentage of forward motility (rapid and slow component a 

55 + b). 

[0060] In a group of 7 samples taken from seven individuals, the phosphatidylinositol-3-kinase inhibitor LY294002 
was added in a higher concentration (1 00 uM). After the incubation with the compound for two hours, swim-up selection 
of the spermatozoa was performed according to procedures described in the WHO-manual. The incubation of the 
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sperm cells with a ten times higher concentration of the inhibitor (100 ^iM) in combination with the swim-up selection 
resulted in a significant increase of progressive motility in all of the seven samples, as shown in Fig. 2. 
[0061] Table I summarizes the results obtained in a similar experiment in 20 oligoasthenospermic patients. The 
compound was added in a concentration of 10 U.M. The effects of LY294002 addition to seminal plasma on the per- 
5 centage of sperm forward motility both in seminal plasma and in the recovered swim-up fraction measured after incu- 
bation with the compound resulted in an increase of 39% of sperm forward motility in the seminal plasma and of 26% 
in swim-up selected sperm cells. 

[0062] Table II summarizes the total sperm cell recovery in the swim-up, which was increased by 43% as compared 
to the control. Thus, incubation of semen with the phosphatidylinositol-3-kinase inhibitor leads to a significant increase 
10 in the recovery of spermatozoa during swim-up selection. 



TABLE I 



70 


% Sperm Forward Motility 
(n=20) 


20 


Sperm in Seminal Plasma 


Swim uo-se 


ected sperm 
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C 


LY 10MV1 




35.7±5.1 


49.8+4.7 * 


54.2±4.5 


68.6+3.9 * 
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p<0.001 
* 39% 




p<0.001 
* 26% 
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TABLE II 



Sperm recovery in swim up (10 6 ) 
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LY 10 [iM 


13.3 ±3.9 


19.0 ±4.8 *p<0.005 




(n=20) 


(n=20) 






* 43% 





[0063] Fig. 3 summarizes the results obtained in a similar experiment on samples from higher numbers of patients. 
The sperm cells were submitted to the swim-up selection method. Treatment with 10fiM of the phosphatidylinositol- 
50 3-kinase inhibitor LY294002 resulted in an increase of 58% in the progressive motility (21 patients) as compared to 
the control (40 patients, without LY294002). Treatment of samples from 29 patients with 1 0OuM of the inhibitor resulted 
in an increase of the motility of 67% as compared to the control, i.e. in an additional enhancement of spermatozoa 
motility of about 10%. 

[0064] The effect of 100|iM of LY294002 on the viability of the spermatozoa was also assessed (see insert of Fig. 
55 3). The incubation for two hours with the LY294002 did not alter the vitality of the cells, as evaluated using the eosin 
test and hypo-osmotic swelling. Even after 48 hours of incubation, no effect on sperm viability was observed in any of 
the tested samples (not shown). 

[0065] Fig. 4 shows the results of a further experiment carried out in the same manner as outlined above on samples 
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from 1 2 individual patients. An improvement of percentage progressive motility after 2 hours of incubation of the sperm 
cells with LY294002 was clearly detectable, both on the rapid component (a) and on the rapid and slow component 
(a+b). 

[0066] The experiments described above were performed on samples from oligoasthenospermic individuals. The 
5 effects on the stimulation of progressive motility by LY294002 are more pronounced the more serious the sperm pa- 
thology of patients is (oligospermia, asthenospermia, teratospermia). However, the effect of this compound could also 
be observed in normospermic subjects. The effect of incubation with 1 0 jiM LY 294002 for two hours followed by swim- 
up selection resulted in an increase from 53.5 ± 2.0 % to 76.3 ± 1.5 % in the froward motility of spermatozoa from 88 
randomly selected subjects (not shown). 
10 [0067] This effect of LY294002 on samples from normospermic individuals was dose-responsive, as shown in Fig. 
5. The values for the rapid forward motility increased with increased doses of the inhibitor applied (from 0 to 1000 uM). 
The values were calculated with respect to the control (zero) value. The expected sigmoidal curve demonstrates the 
dose-response effect of the inhibitor on the rapid forward motility of the treated versus untreated spermatozoa, showing 
an EC50 (effect dose of 50%) of about 1 uM. 
15 [0068] Similar effects on spermatozoa have been observed using an unrelated phosphatidylinositol-3-kinase inhib- 
itor, wortmannin. 

[0069] The experimental evidence described above demonstrates that two different inhibitors of the enzyme phos- 
phatidylinositol-3-kinase are highly efficient in improving spermatozoa motility. This effect is particularly pronounced 
in pathogenic spermatozoa, but also detectable in normospermic individuals. The results presented above show that 
20 incubation of spermatozoa with an phosphatidylinositol-3-kinase inhibitor, if included in traditional assisted reproduction 
techniques, leads to an increase of sperm cell motility, thus enhancing the probability of fertilization in ART. 

Example 2: Effect of LY294002 on further sperm cell parameters 

25 [0070] The increase in forward motility, demonstrated in Example 1 , was associated with an increase in sperm pa- 
rameters related to fertilization activity of the spermatozoa in vitro, such as percentage curvilinear velocity (VCL), 
average path velocity (VAP), straight-line velocity (VSL) and hyperactivated sperm fraction (HA). These parameters 
were determined by computer aided sperm analysis (CASA) in sperm samples from 12 different oligoasthenospermic 
subjects. The results are shown in Fig. 6. Each of these parameters were increased in a statistically significant manner 

30 by incubation with 1 0 uM of LY294002 as compared to the control sample, indicating a significant overall improvement 
of sperm cell fertilization activity. 

[0071] Similar effects on spermatozoa have been observed using an unrelated phosphatidylinositol-3-kinase inhib- 
itor, wortmannin. 

[0072] These results demonstrate the overall improvement of the relevant parameters related to sperm cell fertiliza- 
35 tion activity by phosphatidylinositol-3-kinase inhibitors. Since all of the above parameters are essential for the fertili- 
zation rate obtained in assisted fertilization techniques, the invention provides for an agent useful for the treatment of 
severely impaired male-factor infertility. 

Example 3: Effect of LY294002 on forward motility of H 2 0 2 or LiCI treated spermatozoa 

40 

[0073] It is well known that reactive oxygen species (ROS), which may be generated during sperm preparation for 
IVF, exert detrimental effects on sperm fertilization potential. In particular, among ROS, H 2 0 2 strongly reduces motility 
when added to sperm samples at micromolar concentrations. Therefore, the effect of LY294002 on H 2 0 2 treated sperm 
cells was evaluated. The compound was added to swim-up selected spermatozoa samples from oligoasthenospermic 
45 patients in amounts of 1 0 uM either alone or in combination with 200 of H 2 0 2 . It was observed that the detrimental 
effects exerted by 200 uM H 2 0 2 on sperm motility were completely reversed by the addition of LY294002 to the incu- 
bation medium (Table III), demonstrating a protective activity of the compound with regard to ROS effects. 



TABLE III 



Control 


LY294002 


H 2 0 2 


LY294002+H 2 O 2 


(%) 


(%) 


(%) 


(%) 


45.4±5.0 


71.7±3.2** 


26.5±4.9" 


52.6±5.5* 


(n=12) 


(n=12) 


(n=12) 


(n=12) 



55 *P<0.002 vs H 2 0 2 ; 

"P<0.0001 vs Control 

[0074] LiCI is also a known inhibitor of sperm cell motility. An incubation of swim-up selected spermatozoa with 10 
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LY294002 for two hours either with or without different concentrations of LiC! resulted in reversing the effect of LiCI 
induced inhibition of sperm motility (Fig. 7) Similar effects on spermatozoa have been observed using an unrelated 
phosphatidylinositol-3-kinase inhibitor, wortmannin. 

[0075] In this example, the activity of phosphatidylinositol-3-kinase inhibitors to rescue spermatozoa from deleterious 
5 agents, which may be generated in assisted fertilization techniques has been demonstrated. Therefore, the invention 
provides for a major improvement of ART, leading to a higher fertilization rate and eliminating some of the most serious 
drawbacks of these techniques. 
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20 

Claims 

1. A medium for storage and/or transportation of spermatozoa comprising a phosphatidylinositol-3 kinase (PI3K) 
25 inhibitor. 

2. Medium according to claim 1 for the storage and/or transportation of mammalian, in particular human spermatozoa. 

3. Medium according to claim 1 or 2, wherein the PI3K inhibitor is selected from the group consisting of wortmannin, 
30 quercetin, and derivatives and analogues thereof. 

4. Medium according to any of claims 1 to 3, comprising an amount of PI3K inhibitor in the range of about 0.01 to 
1000 nM, about 5 to 500 uM, or about 10 to 100 uM. 

35 5. Use of a medium according to any of claims 1 to 4 for storage of spermatozoa at room temperature. 

6. Use of a medium according to any of claims 1 to 4 for cryopreservation of spermatozoa. 

7. Use of a PI3K inhibitor in a medium for storage and/or transportation of spermatozoa. 

40 

8. Use according to claim 7, wherein the spermatozoa is a mammalian, in particular a human spermatozoa. 

9. Use according to claim 7 or 8, wherein the PI3K inhibitor is selected from the group consisting of wortmannin, 
quercetin, and derivatives and analogues thereof. 

45 

10. Use according to any of claims 7 to 9, comprising an amount of PI3K inhibitor in the range of about 0.01 to 1000 
uM, about 5 to 500 u.M, or about 1 0 to 100 u.M. 



50 
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